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METHOD OF OPERATING A
SEMICONDUCTOR DEVICE AND THE
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 2004-58589, filed Jul. 27, 2004, and Korean

Patent Application No. 2004-69786, filed Sep. 2, 2004, the
disclosures of which are hereby incorporated herein by
reference in their entirety.

BACKGROUND OF INVENTION

Typical of integrated semiconductor devices such as
DRAMs, SRAMs, etc. 1s the desire to increase integration
while decreasing the power supply voltage. To accomplish
this, the threshold voltage (e.g., the gate-to-source voltage)
to turn on the large number of MOS transistors included in
such 1ntegrated circuit devices has been decreased. How-
ever, a reduction of the threshold voltage of the MOS
transistors corresponding to the power supply voltage may
increase the sub-threshold leakage current of the MOS
transistors. The sub-threshold leakage current may be
thought as the current leaking through the MOS transistor
when the MOS transistor 1s meant to be 1n an ofl state.

This leakage current problem 1s particularly noticeable
with respect to the CMOS inverter chains icluded in the
integrated semiconductor devices. Many of the circuit ele-
ments 1n an mtegrated semiconductor device include one or
more CMOS mverter chains. To combat this sub-threshold
leakage current, the integrated circuit device may be oper-
ated 1n a standby mode or active mode. In the active mode,
the circuit elements operate at their normal high speed. In
the standby mode, each circuit element operates 1n a way to
reduce leakage current, but also at a reduced operating
speed. For example, one or more transistors in the CMOS
inverter chains of each circuit element may have their bulk
biases changed in the standby mode to reduce the sub-
threshold leakage current.

SUMMARY OF THE INVENTION

The present invention provides an integrated semiconduc-
tor device and method of operation that combat sub-thresh-
old leakage current 1n a more intelligent manner. Recogniz-
ing that some circuit paths of one or more circuit elements
in an integrated semiconductor device determine the oper-
ating speed of the device during a given operation, these
circuits are selectively controlled to reduce the sub-threshold
leakage current depending on the operating mode. Further-
more, those circuits that do not determine the operating
speed of the device during a given operation are operated to
reduce the sub-threshold leakage current regardless of the
operating mode.

For example, 1n a semiconductor memory device, the
inventors have recogmzed that during a row active opera-
tion, the circuit path for generating a word line enable signal
for addressing a row of memory cells 1n a memory array
determines the operating speed of this operation, while 1n
comparison, the circuit path for generating a sensing enable
signal to sense the data output from the memory array does
not. Accordingly, the circuit path for generating the word
line enable signal includes, for example, inverter chains that
selectively reduce the sub-threshold leakage current depend-
ing on the operating mode. And, the circuit path for gener-
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2

ating the sensing enable signal includes, for example,
inverter chains that reduce the sub-threshold leakage current
regardless of the operating mode.

The present 1nvention further provides an inverter chain
that 1s selectively controllable to reduce the sub-threshold
leak current depending on the operating mode. In one
embodiment, the inverter chain includes a plurality of
inverters connected 1n series where each succeeding inverter
has a different set of fixed bulk biases applied thereto than
a set of fixed bulk biases applied to a preceding inverter
regardless of an operating mode of the inverter chain.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed-description given herein below and the
accompanying drawings, wherein like elements are repre-
sented by like reference numerals, which are given by way
of 1llustration only and thus are not limiting of the present
invention and wherein:

FIG. 1 illustrates a CMOS 1nverter chain that may selec-
tively reduce sub-threshold leakage current according to an
embodiment of the present invention;

FIG. 2 1llustrates a well-known portion of a semiconduc-
tor memory device involved 1n a row activation operation of
the memory device that has been modified according to an
embodiment of the present invention;

FIG. 3 illustrates a portion of the memory cell array and
a bit line sense amplifier;

FIG. 4 illustrates a wavetorm timing diagram showing the
timing of the signals generated during a row activate opera-
tion of the circuit portion shown 1n FIG. 2;

FIG. 5 illustrates an example of an inverter chain having
a reduced sub-threshold leakage current;

FIG. 6 1illustrates another inverter chain, which may
selectively reduce sub-threshold leakage current;

FIG. 7 illustrates a well-known portion of a semiconduc-
tor memory device involved 1n a row precharge operation of
the memory device that has been modified according to an
embodiment of the present invention;

FIG. 8 1llustrates a wavetorm timing diagram showing the
timing of the signals generated during a row precharge
operation of the circuit portion shown 1n FIG. 7; and

FIG. 9 1llustrates a well-known portion of a semiconduc-
tor memory device mnvolved in a read and write operation of
the memory device that has been modified according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

An 1nverter chain according to embodiments of the
present mnvention will be described followed by descriptions
of integrated semiconductor devices, which may incorporate
the inverter chain.

Inverter Chain

FIG. 1 1llustrates a CMOS 1nverter chain according to an
embodiment of the present invention. As shown, first-fourth
CMOS 1nverters 10, 12, 14 and 16 are connected 1n series
with the first inverter 10 receiving an input IN and the fourth
inverter 16 producing the output OUT. Each of the first-
fourth inverters 10, 12, 14 and 16 includes a PMOS tran-
sistor connected 1n series with an NMOS transistor.

Specifically, the first inverter 10 includes a first PMOS
transistor MP1 connected in series with a first NMOS
transistor MN1 between a first high potential or voltage
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VDD (e.g., 3 volts) and a low potential or voltage line B. As
will be described 1n detail below, the low potential line B
may carry a first low potential VSS (e.g., ground) or a
second low potential VBB; where the second low potential
VBB i1s less than the first low potential VSS. The source and
bulk of the first PMOS transistor MP1 are connected to the
first high potential VDD, while the gate receives the input IN
and the drain 1s connected to the drain of the first NMOS
transistor MN1. The common connection between the drains
of the first NMOS and PMOS transistors MN1 and MP1
serves as the output of the first inverter 10. The gate of the
first NMOS transistor MN1 also receives the input IN.
Accordingly, the gates of the first NMOS and PMOS tran-
sistors MN1 and MP1 serve as the mput of the first mnverter
10. The source of the first NMOS transistor MN1 1s con-
nected to the low potential line B and the bulk 1s biased at
the second low potential VBB.

The second mverter 14 includes a second PMOS transis-
tor MP2 connected 1n series with a second NMOS transistor
MN2 between a high potential or voltage line A and the first
low potential VSS. As will be described 1n detail below, the
high potential line A may carry the first high potential VDD
or a second high potential VPP; where the second high
potential VPP 1s greater than the first high potential VPP. The
source and bulk of the second NMOS transistor MN2 are
connected to the first low potential VSS, while the gate
receives the output from the first inverter 10 and the drain 1s
connected to the drain of the second PMOS transistor MP2.
The common connection between the drains of the second
NMOS and PMOS transistors MN2 and MP2 serves as the
output of the second inverter 12. The gate of the second
PMOS transistor MP2 also receives the output of the first
inverter 10. Accordingly, the gates of the second NMOS and
PMOS transistors MN2 and MP2 serve as the mput of the
second inverter 12. The source of the second PMOS tran-
sistor MP2 1s connected to the high potential line A and the
bulk 1s biased at the second high potential VPP.

The third mverter 14 includes a third PMOS transistor
MP3 connected 1n series with a third NMOS transistor MN3
between the first high potential VDD and the low potential
line B. The source and bulk of the third PMOS transistor
MP3 are connected to the first high potential VDD, while the
gate receives the output from the second mnverter 12 and the
drain 1s connected to the drain of the third NMOS transistor
MN3. The common connection between the drains of the
third NMOS and PMOS transistors MN3 and MP3 serves as
the output of the third mverter 14. The gate of the third
NMOS MN3 ftransistor also receives the output of the
second 1inverter 14. Accordingly, the gates of the third
NMOS and PMOS transistors MN3 and MP3 serve as the
input of the third inverter 14. The source of the third NMOS
transistor MIN3 1s connected to the low potential line B and
the bulk 1s biased at the second low potential VBB. As will
be appreciated, the third inverter 14 has the same structure
and 1s connected between the first high potential VDD and
the low potential line B in the same fashion as the first
inverter 10. Furthermore, the third inverter 14 has the same
fixed bulk biases applied thereto as the first inverter 10.

The fourth mverter 16 includes a fourth PMOS transistor
MP4 connected 1n series with a fourth NMOS transistor
MN4 between the high potential line A and the first low
potential VSS. The source and bulk of the fourth NMOS
transistor MN4 are connected to the first low potential VSS,
while the gate receives the output from the third imnverter 14
and the drain 1s connected to the drain of the fourth PMOS
transistor MP4. The common connection between the drains

of the fourth NMOS and PMOS transistors MN4 and MP4
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serves as the output of the fourth inverter 16. The gate of the
tourth PMOS transistor MP4 also receives the output of the
third inverter 14. Accordingly, the gates of the fourth NMOS
and PMOS transistors MN4 and MP4 serve as the input of
the fourth inverter 16. The source of the fourth PMOS

transistor MP4 1s connected to the high potential line A and

the bulk 1s biased at the second high potential VPP. As will
be appreciated, the fourth imnverter 16 has the same structure

and 1s connected between the first low potential VSS and the
high potential line A in the same fashion as the second
inverter 12. Furthermore, the fourth inverter 16 has the same
fixed bulk biases applied thereto as the second inverter 12.
It will turther be appreciated that while the inverter chain has
been shown as comprised of four inverters, the present
invention 1s not limited to this number of 1nverters. Instead,
the inverter chain may be increased or decreased by follow-
ing the inverter pattern described and 1llustrated with respect
to FIG. 1, where each succeeding inverter has a diflerent set
of bulk biases applied thereto than a set of bulk biases
applied to a preceding 1nverter.

FIG. 1 further illustrates that a fitth PMOS transistor MP5
1s connected between the second high potential VPP and the
high potential line A. The fifth PMOS transistor MP5 has its
bulk biased at the second high potential VPP, and the gate of
the fifth PMOS transistor MP3 receives the inverse of a
standby signal. Accordingly, based on the standby signal, the
fitth PMOS transistor selectively applies the second high
potential VPP to the high potential line A. Somewhat simi-
larly, a sixth PMOS transistor MP6 1s connected between the
first high potential VDD and the high potential line A. The
sixth PMOS transistor MP6 has 1ts bulk biased at the first
high potential VDD, and the gate of the sixth PMOS
transistor MP6 receives the standby signal. Accordingly,
based on the standby signal, the sixth PMOS transistor
selectively applies the first high potential VDD to the high
potential line A.

A fifth NMOS transistor MNS and sixth NMOS transistor
MN®6 are also connected to the low potential line B. The fifth
NMOS transistor MNS5 1s connected between the second low
potential VBB and the low potential line B. The fifth NMOS
transistor MIN5 has its bulk biased at the second low
potential VBB, and the gate of the fifth NMOS transistor
MNS5 recerves the standby signal. Accordingly, based on the
standby signal, the fifth NMOS transistor MN3 selectively
applies the second low potential VBB to the low potential
line B. The sixth NMOS ftransistor MN6 1s connected
between the first low potential VSS and the low potential
line B. The sixth NMOS transistor MN®6 has 1ts bulk biased
at the first low potential VSS, and the gate of the sixth
NMOS transistor MN6 receives the inverse of the standby
signal. Accordingly, based on the standby signal, the sixth
NMOS transistor MN6 selectively applies the first low
potential VSS to the low potential line B.

Next, the operation of the inverter chain 1llustrated 1in FIG.
1 will be described. The inverter chain may be operated 1n
an active mode or a standby mode 1n accordance with the
operation of the integrated semiconductor device 1ncorpo-
rating the imverter chain. The standby mode of operation will
be described first. In the standby mode, the mput IN 1s a
logic high voltage such as the first high potential VDD and
the standby signal 1s a logic high voltage such as the first
high potential VDD. The high potential of the standby signal
results 1n the fitth PMOS and NMOS transistors MP5 and
MN5 turning on. Accordingly, the high potential line A
carries the second high potential VPP and the low potential
line B carries the second low potential VBB.
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With the mput IN being the first high potential VDD, the
first PMOS transistor MP1 i1s turned off and the first NMOS

transistor 1s turned on. Accordingly, the output of the first
inverter 10, and therefore, the input of the second inverter 12
1s pulled down to the voltage carried on the low potential
line B—the second low potential VBB. Because the second
low potential VBB 1s applied to the gate of the second
NMOS transmtor MN2, the second NMOS ftransistor is
turned ofl. Furthermore, because the second low potentlal
VBB at the gate of the second NMOS transistor MN2 1s less
than the first low potential VSS at the source of the second
NMOS transistor MN2, the second NMOS MN2 1s further
driven into the off state than 1f the source and gate voltage

were equal. As a result, the sub-threshold leakage current at
the second NMOS transistor MN2 1s reduced.

The second low potential VBB at the gate of the second
PMOS transistor MP2 turns on the second PMOS transistor
MP2 such that the second inverter 12 outputs the second
high potential voltage VPP from the high potential line A.
Accordingly, the gates of the third PMOS and NMOS
transistors MP3 and MN3 receive the second high potential
voltage VPP. This turns off the third PMOS transistor MP3
and turns on the third NMOS transistor MN3. Because the
second high potential VPP at the gate of the third PMOS
transistor MP3 1s greater than the first high potential VDD
at the source of the third PMOS transistor MP3, the third
PMOS MP3 is further driven into the off state than if the
source and gate voltage were equal. As a result, the sub-
threshold leakage current at the second NMOS transistor
MN2 i1s reduced. With the third NMOS transistor MN3 on,
the output of the third inverter 14, and therefore, the input of
the fourth inverter 16 1is pulled down to the second low
potential VBB.

The fourth inverter 16 then operates 1n the same manner
as the second inverter 12 such that the second high potential
VPP 15 output and leakage current through the fourth NMOS
transistor MIN4 1s reduced.

The active mode of operation will now be described. In
the active mode, the input IN 1s a logic low Voltage such as
the first low potential VSS and the standby signal 1s a logic
low voltage such as the first low potential VSS. The low
potential of the standby signal results 1n the sixth PMOS and
NMOS transistors MP6 and MN6 turning on. Accordingly,
the high potential line A carries the first high potential VDD
and the low potential line B carries the first low potential
VSS.

With the input IN being the first low potential VSS, the
first PMOS transistor MP1 1s turned on and the first NMOS
transistor 1s turned ofl. Accordingly, the output of the first
inverter 10, and therefore, the input of the second inverter 12
1s the voltage carried on the high potential line A—the first
high potential VDD. Because the high potential VDD 1s
applied to the gate of the second PMOS transistor MP2, the
second PMOS transistor MP2 1s turned off. Furthermore,
because the first high potential VDD at the gate of the second
PMOS transistor MP2 1s the same as the first high potential
VDD at the source of the second PMOS transistor MP2, the
second PMOS MP2 1s susceptible to greater sub-threshold
leakage than if the gate voltage was the second high voltage
VPP. However, the second PMOS transistor MP2 may
switch states more quickly than 11 the second PMOS ftran-
sistor MP2 recerved the second high potential VPP at its
gate. Also, because the bulk bias of the second high potential
VPP for the second PMOS transistor MP2 1s greater than the
first high potential VDD at the source of the second PMOS
transistor MP2, the turn on threshold for the second PMOS
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transistor MP2 1s greater than 1f the bulk bias and source
voltage were equal. Consequently, this reduces the sub-
threshold leakage current.

The first high potential VDD at the gate of the second
NMOS transistor MN2 turns on the second NMOS transistor
MN2 such that the second mverter 12 outputs the first low
potential voltage VSS on the low potential line B. Accord-
ingly, the gates of the third PMOS and NMOS transistors
MP3 and MN3 receive the first low potential voltage VSS.
This turns off the third NMOS transistor MN3 and turns on
the third PMOS transistor MP3. Because the first low
potential VSS at the gate of the third NMOS transistor MIN3
1s the same as the first low potential VSS at the source of the
third NMOS transistor MN3, the third NMOS MN3 is
susceptible to greater sub-threshold leakage than 11 the gate
voltage was the second low voltage VBB. However, the
third NMOS transistor MN3 may switch states more quickly
than 11 the third NMOS transistor MN3 received the second
low potential VBB at 1ts gate. Also, because the bulk bias of
the second low potential VBB for the third NMOS transistor
MN3 1s less than the first low potential VSS at the source of
the third NMOS transistor MN3, the turn on threshold for
the third NMOS transistor MN3 1s greater than 11 the bulk
bias and source voltage were equal. Consequently, this
reduces the sub-threshold leakage current.

The fourth mverter 16 then operates 1n the same manner

as the second inverter 12 such that the first low potential
VSS 15 output.

Integrated Semiconductor Device
Row Activate Operation

Next, portions of an integrated semiconductor device
according to an embodiment of the present invention will be
described. FIG. 2 illustrates a well-known portion of a
semiconductor memory device responsible for a row acti-
vation operation that has been modified according to an
embodiment of the present invention. As shown, a command
decoder 20 receives and decodes a command, and outputs a
decoded command signal to an mnput buller 22 and a sensing
signal generator 24. The command may be a row active
command, which instructs that a word line or lines of a
memory array 28 be activated or enabled in accordance with
a received address. The input buller 22 buflers a received
address, which indicates the word line or word lines to
activate, based on the decoded command signal. A row
address decoder 26 receives the address output from the
bufler 22. The row address decoder 26 decodes the address
to generate a word line enable signal WL for enabling a word
line 1n the memory cell array 28. A bit line sense amplifier
(BLSA) 30 senses the data addressed from the memory cell
array 28. The BLSA 30 operates 1n response to an bit line
sense enable signal PS generated by the sensing signal
generator 24 1n response to the decoded command signal PR.

FIG. 3 illustrates a portion of the memory cell array 28
and the BLSA 30. Specifically, FIG. 3 illustrates one
memory cell 32 of the memory cell array 28 connected to a
corresponding portion of the BLSA 30. The structure and
operation of the memory cell 32 and the corresponding
BLSA 30 are extremely well-known, and readily apparent
from the circuit diagram 1n FI1G. 3; accordingly, for the sake
of brevity the only those operations pertinent to the present
invention will be described. As 1s known, the memory cell
32 outputs the data stored in capacitor C when the word line
ecnable signal enables the word line WL of the access
transistor AT to turn on the access transistor AT during a read
operation. The stored charge 1s then read onto the bit line BL
and, through charge sharing, the bit bar line /BL. The charge
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difference between the bit line BL and bit bar line /BL 1s
amplified by the BLSA 30 to sense the data; for example,
being read from the memory cell 32. However, whether the
BLSA 30 operates to sense the data depends on the sensing
cnable signal PS output by the sensing signal generator 24.

As shown, an enabling NMOS transistor N1 1s connected
between an internal node of the BLSA 30 and the first high
potential VDD, and receives the sensing enable signal PS at
its gate. Also, an enabling PMOS transistor P1 1s connected
between an internal node of the BLSA 30 and the first low
potential VSS, and receives an inverse of the sensing enable
signal /PS at its gate. As will be readily appreciated, when
the sensing enable signal PS 1s a logic high value, the
enabling NMOS and PMOS transistors N1 and P1 turn on
such that the internal nodes of the BLSA 30 are pulled to the
first high and low potentials VDD and VSS, respectively.
Consequently, the BLSA 30 1s enabled to perform the
sensing/amplifying operation. By contrast, when the sensing
enable signal PS 1s logic low, the enabling NMOS and
PMOS transistors N1 and P1 turn off such that the BLSA 30
can not perform the sensing operation.

In the row activation process, the inventors have recog-
nized that the circuit path for generating the word line enable
signal WL determines the operating speed of the row acti-
vation process as compared to the circuit path for generating,
the sensing enable signal PS for enabling the BLSA 30.
Accordingly, the circuit elements 1n the word line enable
signal generating path have been modified such that the
inverter chain or chains therein are a first inverter chain I1.
This 1s diagrammatically illustrated by the boxes 11 1n FIG.
2. As shown, the command decoder 20, the mput butler 22
and the row address decoder 26 include one or more inverter
chains I1. The first inverter chain I1 1s selectively control-
lable to operate 1n a slower and low sub-threshold leakage
current mode or a faster and higher sub-threshold leakage
current mode. When a word line 1s to be enabled such as
during a row activate operation, the first inverter chains I1
may be set 1n the faster mode, but when a word line 1s not
being enabled, the first inverter chains I1 may be set in the
slower mode. FIG. 1 1s one example of an inverter chain that
may be used as the first inverter chain I1. Other example
inverter chains that may be used as the first inverter chain 11
will be discussed 1n detail below with respect to FIG. 6.

By contrast the circuit elements of the bit line sense
amplifier enable signal generating path not 1n the word line
cnable signal generating path; namely, the sensing signal
generator 24, have been modified such that the inverter chain
or chains therein are a second inverter chain I12. This 1s
diagrammatically illustrated by the boxes 12 1n FIG. 2. The
second inverter chain 12 operates in a slower, low sub-
threshold leakage current mode regardless of the operating,
mode of the semiconductor memory device. Examples of
inverter chains that may be used as the second inverter chain
12 will be discussed 1n detail below with respect to FIG. 5.

FIG. 4 1s a wavelorm timing diagram showing the timing,
of the signals generated during a row activate operation of
the circuit portion shown 1n FIG. 2, which has been modified
according to an embodiment of the present invention. The
operation of the circuit portion shown in FIG. 2 will now be
described 1 greater detail with reference to FIG. 4. As
shown, the command decoder 20 receives the row active
command and subsequently generates the decoded row
active command signal PR. The mput bufler 22 receives the
decoded row active command signal PR and outputs the
address RA buflered therein. The row address decoder 26
decodes the address RA and outputs a word line enable
signal WL on the word line or lines indicated by the address
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RA. This turns on the access transistors AT connected to the
enabled word line, and the bit and bit bar lines BL and /BLL
associated with the turned on access transistors Al begin the
charge sharing operation discussed above.

Meanwhile, the sensing signal generator 24, 1n response
to the decoded row active command signal, generates a
sensing enable signal PS to enable the portions of the BLSA

30 associated with the bit and bit bar lines BL and /BL
undergoing the charge sharing operation.

Accordingly, for the row active operation, the integrated
semiconductor device of FIG. 2 includes a word line enable
signal generating path for generating the word line enable
signal that includes the command decoder 20, the input
bufler 22, and the row address decoder 26. The integrated
semiconductor device further includes a bit line sense ampli-
fier enable generating path (also referred to as a sensing
signal generating path) that includes the command decoder
20 and the sensing signal generator 24. As shown, in FIG. 4,
the BLSA 30 does not need to be enabled until a short time
after the beginning of the charging operation. Accordingly,

the operating speed of the integrated semiconductor device
during the row active operation 1s governed by the operating
speed of the word line enable generating path. The bit line
sense amplifier enable generating path 1s a no speed path;
namely, may have a much slower operating speed.

Having recognized this, the inventors have modified the
well-known semiconductor integrated circuit of FIG. 2 to
use a low power consumption (e.g., low sub-threshold
leakage current) inverter chain 12 described in detail below
with respect to FIG. 5, which may operate more slowly, as

the inverter chain or chains in the sensing signal generator
24.

FIG. § illustrates an example of an mnverter chain having,
a reduced sub-threshold leakage current. As shown, the
inverter chain includes a series of inverters 40, four 1n this
example, having their inputs connected to the output of the
previous 1inverter; except for the first iverter 40, which
receives the input IN, and the last inverter 40, which serves
as the output OUT of the mverter chain. Each nverter 40
includes a PMOS transistor PP1 connected 1n series with an
NMOS transistor NN1 between the first high potential VDD
and the first low potential VSS. The second high potential
VPP 1s applied to the bulk of the PMOS transistors PP1, and
the second low potential VBB 1s applied to the bulk of the
NMOS transistors NN1. Because the bulk bias of the second
high potential VPP for the PMOS transistors PP1 1s greater
than the first high potential VDD at the source of the PMOS
transistors PP1, the turn on threshold for the PMOS tran-
sistors PP1 1s greater than 1f the bulk bias and source voltage
were equal. Consequently, this reduces the sub-threshold
leakage current. Furthermore, because the bulk bias of the
second low potential VBB for the NMOS transistors NN1 1s
less than the first low potential VSS at the source of the
NMOS transistors NN1, the turn on threshold for the NMOS
transistors 1s greater than 1f the bulk bias and source voltage
were equal. Consequently, this reduces the sub-threshold
leakage current.

In an alternative embodiment, the bulk bias applied to the
NMOS ftransistors NN1 1s the first low potential VSS, while
the bulk bias applied to the PMOS transistors PP1 remains
the second high potential VPP. In a further alternative
embodiment, the bulk bias applied to the PMOS transistors
PP1 1s the first high potential VDD, while the bulk bias
applied to the NMOS transistors remains the second low
potential VBB.
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As yet another alternative, either of the inverter chains of
FIGS. 1 and 6, fixedly set in the reduced sub-threshold
leakage current mode may be used as the second inverter
chain 12.

As discussed above with respect to FIG. 2, the inventors
have modified the circuit of FIG. 2 to use an mverter chain
I1 such as the inverter chain of FIG. 1 as the inverter chains
in the word line enable signal generating path. This allows
the word line enable signal generating path to operate at a
taster speed in the active mode than in the standby mode.
Here, the active mode 1s when the row active command 1s
received, and standby mode 1s when no row active command
1s received. Thus, when no operation with respect to a row
active command 1s required sub-threshold leakage current 1n
the word line enable signal generating path may be reduced,
and power consumption by the integrated semiconductor
device 1s therefore reduced. However, the inverter chain or
chains of the sensing signal generator 24 operate the same
regardless of the operating mode of the integrated semicon-
ductor device.

Instead of the mverter chain of FIG. 1, any 1inverter chain
that allows for selectively reducing the sub-threshold leak-
age current and/or selectively increasing the speed of the
inverter chain may by used as imnverter chain I1. For
example, FIG. 6 1llustrates another inverter chain which may
be operated in an active mode and a standby mode. In the
active mode, such as when a row activate command 1s
received, the sub-threshold leakage current 1s not reduced as
compared to when the inverter chain operates in the standby
mode. However, the inverter chain does operate more
quickly in the active mode than the standby mode.

As shown 1n FIG. 6, the inverter chain, for purposes of
explanation only, includes two inverters 50 with the input of
the second inverter 50 connected to the output of the first
inverter 50. As will be appreciated, the size of the inverter
chain may be increased by adding inverters 50 to the chain.
The first inverter 50 receives the mput IN at 1ts mnput, and the
output of the second mverter 50 provides the output OUT of
the iverter chain.

Each of the mverters 50 includes a PMOS transistor 54
connected 1n series with an NMOS transistor 56 between the
first high potential VDD and the first low potential VSS. The
bulk of the PMOS ftransistor 54 1s biased by a potential on
a high potential line 58 and the bulk of the NMOS transistor
55 1s biased by a potential on a low potential line 60. A first
multiplexer 62 selectively applies either the first or second
high potential VDD or VPP to the high potential line 38
based on a control signal. A second multiplexer 64 selec-
tively applies either the first or second low potential VSS or
VBB to the low potential line 64 based on the control signal.

Next, operation of the mverter chain of FIG. 6 will be
described. When applied to the present invention, the control
signal may be the standby signal. Accordingly, when the
standby signal indicates the standby mode, the first and
second multiplexers 62 and 64 respectively may apply the
second high and low potentials VPP and VBB to the high
and low potential lines 58 and 60, respectively. As such, the
inverter chain of FIG. 6 will operate 1in the same manner as
the mverter chain of FIG. 5. Namely, the sub-threshold
leakage current will be reduced, but the mverter chain will
operate more slowly.

In the active mode, the first and second multiplexers 62
and 64 respectively apply the first high and low potentials
VDD and VSS to the high and low potential lines 58 and 60,
respectively. As such, the sub-threshold leakage current 1s
not reduced as compared to the standby mode, but the
inverter chain operates more quickly.
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As will be appreciated, 1n the inverter chain of FIG. 6, the
sub-threshold leakage current and speed of the inverter chain
may be controlled through the selective application of the
bulk biases based on the operating mode of the inverter
chain, or for example, the operating mode of the integrated
semiconductor device or circuit element thereof including
the mnverter chain. This may be contrasted with the inverter
chain of FIG. 5 in which the same bulk biases are applied
regardless of the operating mode.

While this embodiment has been described as setting the
inverter chain I1 in the slower, reduced sub-threshold leak-
age current operating mode when the semiconductor device
1s 1n the standby mode, it should be appreciated that this
embodiment permits selectively placing the inverter chain I1
in the slower or faster operating mode when the semicon-
ductor device 1s 1n the standby mode.

Row Precharge Operation

Next, another portion of an integrated semiconductor
device according to an embodiment of the present invention
will be described. FIG. 7 illustrates a well-known portion of
a semiconductor memory device responsible for a row
precharge operation that has been modified according to an
embodiment of the present invention. A row precharge
operation 1s an operation for deactivating or disabling an
enabled word line or lines when a row precharge command
1s applied to the memory device. As shown, a command
decoder 20 recerves and decodes a command (e.g., a row
precharge command), and outputs a decoded command
signal to an mput builer 22 and a sensing signal generator
24. The input bufller 22 1includes a lower address input butler
70 and an upper address mput bufler 72 that bufler a lower
portion (e.g., least significant bits) and an upper portion
(c.g., most significant bits) of a received address. A row
address decoder 26 includes a lower address decoder 74 and
an upper address decoder 76 that respectively receive the
lower and upper address portlons output from the lower and
upper address mput builers 70 and 72, respectively. The
lower address decoder 74 decodes the lower address portion
into a first word line drive signal PXI, and the upper address
decoder 76 decodes the upper address portion into a second
word line drive signal WEI. A word line driver 78 1n the
address decoder 26 then, during a row precharge operation,
deactivates one or more word lines WL based on the first and
second word line drive signals PXI and WEI.

FIG. 7 further shows a memory cell array 28, bit line
sense amplifier 30 and sensing signal generator 24 as 1n FIG.
2. Furthermore, FIG. 7 shows that the data on each pair of
bit and bit bar lines BL and /BL are selectively transferred
to a respective pair of data lines DL and /DL by first and
second transfer transistors T1 and T2, respectively, based on
a column select signal CSL 1n the well known manner. As
one skilled in the art will appreciate, only one pair of bit and
bit bar lines and one pair of data lines has been shown for
case of 1illustration and description. However, numerous
such pairs exist 1n a memory device.

In the row precharge operation, the inventors have rec-
ognized that the circuit path for enabling the word line; and
therefore, disabling the word line determines the operating
speed of the row precharge operation. Specifically, the
inventors have recogmized that the precharge operation
depends largely on the first word line drive signal PXI.
Recognizing this, the inventors consider the circuit path for
generating the first word line signal PXI a speed path, while
the circuit path for generating the second word line drive
signal WEI 1s considered a non-speed path. Therefore, 1n the
embodiment of FIG. 7, the command decoder 20, the lower
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address mput butler 70, and the lower address decoder 74
torming the first word line drive signal path, which 1s part of
the word line signal enable path, have been modified such
that the inverter chains are inverter chains I1 that allow
selectively reducing the sub-threshold leakage current such

as 1n FIG. 1 or FIG. 6.

By contrast, the circuit elements of the non-speed paths
such as the upper address input builer 72, the upper address
decoder 76 and the sensing signal generator have been
modified to include inverter chains 12 that reduce sub-
threshold leakage current regardless of the operating mode
of the memory device. For example, these circuit elements
includes the inverter chain of FIG. 5.

FIG. 8 illustrates a waveform timing diagram showing the
timing of the signals generated during a row precharge
operation of the circuit portion shown i FIG. 7. As shown,
the command decoder 20 receives the row precharge com-
mand and subsequently generates the decoded row pre-
charge command signal PR. Because the lower address input
butler 70 operates more quickly than the upper address input
butler 72, the lower address input builer 70 outputs the lower
address portion RA_L before the upper address input butler
72 outputs the upper address portion RA_U. Similarly, the
lower address decoder 74 decodes lower address portion
RA_L and generates the first word line drive signal PXI
before the upper address decoder 76 decodes the upper
address portion RA_U and generates the second word line
drive signal WEI. In response to the first word line drive
signal PXI and subsequently received second word line
drive signal WEI, the word line driver 78 deactivates one or
more word lines as shown in FIG. 8.

While this embodiment has been described as setting the
inverter chain I1 1n the slower, reduced sub-threshold leak-
age current operating mode when the semiconductor device
1s 1n the standby mode, it should be appreciated that this
embodiment permits selectively placing the inverter chain I1
in the slower or faster operating mode when the semicon-
ductor device 1s 1n the standby mode.

Read/Write Operation

Next, another portion of an integrated semiconductor
device according to an embodiment of the present invention
will be described. FI1G. 9 illustrates a well-known portion of
a semiconductor memory device responsible for a read or
write (read/write) operation. As shown, a command decoder
20 receives and decodes a command (e.g., a read or write
command PC), and outputs a decoded command signal to an
input bufler 22. The input buffer 22 bufllers a received
address (e.g., a row and/or column address) for addressing
a memory cell array. FIG. 9 illustrates the mput bufler 22
outputting the column address CA based on the decoded
read/write command PC to a column address decoder 80.
The column address decoder 80 decodes the column address
and based thereon enables a column select signal CSL on
one or more column select lines. Namely, the column
address decoder 80 generates a column select signal CSL on
the column select line indicated by the decoded column
address.

As discussed above with respect to FIG. 7, the data on
cach pair of bit and bit bar lines BL and /BL from the BLSA
30 are selectively transierred to a respective pair of data
lines DL and /DL by first and second transier transistors T1
and T2, respectively, based on a column select signal CSL
received on the column select line. For ease of 1llustration
and description, on one pair of bit and bit bar lines BL and
/BL and one pair of data lines DL and /DL have been shown
in FIG. 9, but one skilled 1n the art will appreciate that
numerous such pairs exist in a memory device.
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During a write operation, the data transferred to the data
lines DL and /DL 1s amplified by a data line sense amplifier
(DLSA) 82. The amplified data 1s output along a well-known
data output circuit path 84 (e.g., including an output bufler,
etc.) and data output driver 86. During a read operation, data
1s received and transierred to the data lines DL and /DL by
a data mput circuit path 88, which includes, for example, a
data mput bufler (not shown).

The inventors have recognized that the circuit elements
involved in outputting data during a read operation 1s a speed
path affecting the operation of the memory device. By
contrast, the inventors have recognized that the path taken
by data durmg a write operatlon 1s not a speed path. As such,
the circuit elements aflecting the speed of a read operatlon
have been modified such that the inverter chains in these
circuit elements may be a modified version I1' of the inverter
chains I1 such as shown in FIG. 1 or FIG. 6. For example,
with respect to the mverter chain 11 of FIG. 1, the inverter
chain I1 has been modified by fixing the potential applied to
the high and low potential lines A and B. The first high
potential VDD may be fixedly applied to the high potential
line A and the first low potential VSS may be fixedly applied
to the low potential line B such that the inverter chain I1'
operates 1n the faster operating mode. With respect to the
inverter chain 11 of FIG. 6, the inverter chain I1 has been
modified by fixing the bulk bias applied to the PMOS
transistors 54 to VDD and by fixing the bulk bias applied to
the NMOS transistors 56 to VSS such that the inverter chain
I1' operates 1n the faster operating mode. As shown 1n FIG.
9, the command decoder 20, the input builer 22, the column
address decoder 80, and the data output circuit path 84 have
been modified to include the modified inverter chains I1'.

Furthermore, the circuit elements of the non-speed paths
such as the data input circuit path 88 have been modified to
include inverter chains 12 that reduce sub-threshold leakage
current. For example, these circuit elements includes the
inverter chain of FIG. 5.

CONCLUSION

While the embodiments of the present invention have
been described with respect to portions of a memory device
as the integrated semiconductor device, 1t will be appreci-
ated that the present invention 1s not limited 1n application
to these portions of a memory device or to memory devices.
Instead, when circuit paths affecting the operating speed of
an 1ntegrated semiconductor device and circuit paths not
aflecting the operating speed of an integrated semiconductor
device depending on the various operations of the device are
identified or recognized, then the speed paths may be
modified to include inverter chains that may selectively
reduce sub-threshold leakage current based on the operating
mode of the device and the non-speed paths may be modified
to i1nclude nverter chains that reduce the sub-threshold
leakage current regardless of the operating mode of the
device.

The mvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled 1n the art are intended to be included
within the scope of the present invention.

We claim:
1. A method of operating a semiconductor memory,
comprising;
selectively applying bulk biases to at least a first inverter
chain used in a word line enable signal generating path
based on an operating mode of the semiconductor
memory; and
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applying, regardless of the operating mode, same bulk
biases to at least a second inverter chain used in a bit
line sense amplifier enable signal generation path.

2. The method of claim 1, wherein the operating modes
include an active operating mode, during which the word 5
line enable signal generating path generates a word line
enable signal, and a standby operating mode, during which
the word line enable signal generating path does not gener-
ate a word line enable signal.

3. The method of claim 2, wherein the selectively apply- 10
ing step applies a first set of bulk biases in the active
operating mode and a second set of bulk biases in the
standby operating mode such that the first inverter chain
operates more quickly in the active operating mode than 1n
the standby operating mode. 15

4. The method of claim 2, wherein the selectively apply-
ing step applies a first set of bulk biases 1n the active
operating mode and a second set of bulk biases in the
standby operating mode such that the first inverter chain has
a lower sub-threshold leakage current 1n the standby oper- 20
ating mode than 1n the active operating mode.

5. The method of claim 2, wherein the selectively apply-
ing step applies a first set of bulk biases 1n the active
operating mode and a second set of bulk biases in the
standby operating mode such that at least one of the bulk 2>
biases 1n the second set 1s greater than the bulk biases 1n the
first set.

6. The method of claim 5, wherein the selectively apply-
ing step applies the first set of bulk biases i1n the active
operating mode and the second set of bulk biases in the Y
standby operating mode such that at least one of the bulk
biases 1n the second set 1s less than the bulk biases 1n the first
set.

7. The method of claim 2, wherein the selectively apply-
ing step applies a first set of bulk biases 1 the active
operating mode and a second set of bulk biases in the
standby operating mode such that at least one of the bulk
biases 1n the second set 1s less than the bulk biases 1n the first
set.

8. The method of claim 2, wherein

the selectively applying step applies a first set of bulk

biases 1n the active operating mode and a second set of
bulk biases in the standby operating mode; and

the applying step applies a third set of bulk biases, at least

one of the bulk biases in the second and third set being
the same.

9. The method of claim 8, wherein the second and third
sets are the same.

10. The method of claim 2, wherein the selectively
applying step applies a first set of bulk biases 1n the active
operating mode and selectively applies one of the first and
a second set of bulk biases 1n the standby operating mode.

11. The method of claim 1, further comprising:

operating a portion of a command decoder, which decodes

an externally received command, in the word line
enable signal generating path using the first inverter.

12. The method of claim 1, further comprising;:
operating a portion of an address buller, which buflers an

externally received address, in the word line enable g,
signal generating path using the first inverter.

13. The method of claim 1, further comprising:

operating a portion of an address decoder, which decodes
an address, 1n the word line enable signal generating
path using the first inverter.
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14. The method of claim 1, further comprising;:

operating a portion of a sensing signal generator, gener-
ating a bit line sense amplifier enable signal, 1n the bat
line sense amplifier enable signal generation path using
the second inverter.

15. A method of operating a semiconductor memory,

comprising;

operating, during an row activation mode, at least one
circuit forming at least a portion of a word line enable
generating path using at least one signal generated from
a first inverter chain;

operating, during a row activation mode, at least one
circuit forming at least a portion of a bit line sense
amplifier enable generating path using at least one
signal generated from a second inverter chain; and

applying, during a row activation mode, bulk biases to the
second 1nverter chain such that at least one 1nverter 1n
the second 1nverter chain has a transistor with a bulk
bias that diflers from a voltage applied to a source of
the transistor.

16. A method of operating a semiconductor memory,

comprising;

selectively using differently bulk biased inverter chains in
a word line enable signal generating path based on an
operating mode of the semiconductor memory; and

using an inverter chain having same bulk biases regard-
less of the operating mode 1n a bit line sense amplifier
enable signal generation path.

17. A semiconductor memory device, comprising;:

a first inverter chain receiving diflerent sets of bulk biases
based on an operating mode of the semiconductor
memory;

a second 1nverter chain receiving a same set of bulk biases
regardless of the operating mode of the semiconductor
memory;

a word line enable signal generating path generating a
word line enable signal based on an operating mode of
the semiconductor memory, and using the first inverter
chain; and

a bit line sense amplifier enable signal generation path
generating a bit line sense amplifier enable signal based
on the operating mode of the semiconductor memory,
and using the second inverter chain.

18. The device of claim 17, wherein

the word line enable signal generating path generates the
word line enable signal during an active mode and does
not generate the word line enable signal during a
standby mode; and

the bit line sense amplifier enable signal generating path
generates the bit line sense amplifier enable signal
during the active mode and does not generate the bat
line sense amplifier enable signal during the standby
mode.

19. A method of operating a semiconductor memory,

comprising:

applying a first set of fixed bulk biases to at least a first
inverter chain used 1n a data output path; and

applying a second set of fixed bulk biases to at least a
second 1nverter chain used in a data input path, at least
one of the bulk biases 1n the second set being greater
than the bulk biases 1n the first set and at least one of

the bulk biases 1n the second set being less than the bulk
biases in the first set.
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